Abstract
Introduction

29
The island of Bahrain, located in the Arabian/Persian Gulf on the tropic of Cancer, has cuneiform archives (Glob 1968) . The continuous stratigraphy is also a fundamental reference for the history of the island, of which Qal'at al-Bahrain was a major settlement, and probably 49 the capital during the Dilmun period.
50
The soil is very clayey, and has developed over a marl weathered substratum, the 51 prevailing arid climate and proximity of the sea promoting the accumulation of salt. Due to its 52 high clay and salt contents, the ground's electrical resistivity is often lower than 10 Ωm, 53 which precludes the use of ground penetrating radars (GPR). Although very high responses to 54 conductivity-meters can also be expected (Frohlich and Lancaster 1986) 
Constraints deduced from the magnetic survey
65
The surface area under consideration is part of the area surveyed in 2011, using the 66 G858 (Geometrics Ltd) total field cesium magnetometer with two sensors, the upper sensor belong to the late occupation of the site, probably to the medieval period (Fig. 1) 
CMD 'mini-Explorer' results
94
The CMD is a multi-receiver EMI (Electro-Magnetic Induction) slingram instrument. In the context of highly conductive soil, part of the in-phase response is generated by 121 its conductivity. In order to correct for this effect, one has computed, at each point of the 122 survey, the in-phase response corresponding to the apparent conductivity determined from the quadrature response. the in-phase variation with h over low conductivity grounds.
131
The four maps of the in-phase ratios corrected from the conductivity responses are 2) These results are strongly correlated with the resistivity map.
146
How can this outcome be explained?
The role of the dielectric permittivity
149
Following a series of verifications, we came to the conclusion that the in-phase 150 responses obtained with the CMD at Bahrain were influenced by the instrument's response to 151 dielectric permittivity, rather than its response to magnetic susceptibility.
152
In general, with EM measurements, the electrical properties intervene in the Maxwell- as L 2 and the permittivity response will be in phase and proportional to ω 2 . The in-phase 165 response will thus be 9 times more sensitive to the permittivity at 30 kHz than at 10 kHz, and 166 2.8 times more sensitive at an inter-coil spacing of 1.18m than at 0.71m. and relative permittivity ε r =1000 in the case of variable susceptibility). All the responses are linear, and the magnetic susceptibility and relative permittivity responses are strictly additive.
174
The slopes of the permittivity responses increase when the spacing is increased from 0.71m to 175 1.18m. The major result of this analysis is that, whereas all the slopes have the same sign in 176 VCP, the slopes of the permittivity and susceptibility responses are of opposite sign in HCP.
177
Thus, if the in-phase response is (incorrectly) considered to be generated by the susceptibility,
178
whereas it is in fact dominated by the permittivity, this can lead to a change in sign of the soil's permittivity when compared to that of its susceptibility.
182
The slope of both properties (α for the slope of the susceptibility, and β for the slope of 183 the permittivity) are provided in process. However, the second approach can be applied in the present context.
206
As the in-phase response dependences on these parameters are linear, a solution is 207 required for the following system of two equations: 
218
The maps can be seen to be very similar, and well correlated with the resistivity maps (Fig. 2) .
219
The computed standard deviation of the susceptibility is 25 10
- 
